Incidental positron-emission tomography (PET) uptake in the thyroid bed represents a diagnostic dilemma. Currently, there is no consensus regarding the significance of this finding or the most appropriate approach to management. The purpose of this study was to determine the significance of incidental fluorodeoxyglucose (FDG) uptake in the thyroid gland on [ 18 F]FDG-positron-emission tomography (FDG-PET/CT) in patients being initially staged for lymphomas and/or cancers other than of thyroid origin.
T
he use of functional imaging such as [ 18 F]fluorodeoxyglucose-positron-emission tomography (FDG-PET) has resulted in an increase in the detection of incidentally found thyroid lesions. In a recent retrospective study, Choi et al 1 found the prevalence of incidentally found focal thyroid lesions on FDG-PET/CT to be 4.0% and the risk for thyroid malignant tumor associated with these lesions to be 36.7%. Several other retrospective studies have reported the incidence of incidentally identified thyroid lesions on FDG-PET to be 1.1% to 4.3%, with a risk for a malignant process ranging from 14% to 50%. [2] [3] [4] [5] [6] [7] Although the incidence of these lesions is increasing, determining the most appropriate management represents a challenge for endocrinologists and head and neck surgeons. To date, no specific guidelines exist to define which lesions necessitate surgical management. Although diffuse thyroid uptake in FDG-PET is believed to be either a normal variant, chronic thyroiditis, or Graves disease, focal thyroid lesions have been associated with a high risk for malignant tumors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Unfortunately, no definitive studies have identified specific characteristics that increase the likelihood of a malignant tumor. Although standard uptake values (SUV max ) has been introduced to predict malignant potential, investigators are still divided regarding this issue. Choi et al and others [1] [2] [3] [4] [5] reported a correlation between an elevated SUV max value and a thyroid malignant tumor. However, Kim et al 6 did not find any significant difference in the maximal SUV max value between benign and malignant thyroid nodules on FDG-PET and suggested mandatory cytologic diagnosis regardless of the SUV max .
The purpose of this study was to determine the clinical significance of incidental FDG-PET/CT uptake in the thyroid in patients with lymphomas and/or cancers of nonthyroidal origin and develop a management algorithm on the basis of the available data.
Materials and Methods

Subjects
Between March 2004 and June 2006, a total of 630 patients were evaluated at our institution with FDG-PET. The studies were done for a variety of diagnoses including metastatic work-up for lymphoma, head and neck cancer, and other nonthyroidal malignant nodules. None of the studies were performed for suspicion of thyroid disease. Thirty patients were identified with incidental focal uptake in the thyroid bed. The complete records were available for retrospective review in 18 patients. None of the patients included in the study had any history of thyroid-related disorder, including cancer. Of these 18 patients, 11 had undergone FDG-PET for evaluation of suspected lymphoma, 3 patients had the FDG-PET study performed as part of metastatic work-up for a known nonthyroidal malignant process, and the remaining 4 patients were being evaluated for a variety of conditions including previous gastrointestinal tract malignant tumor, lung mass, and fatigue. The 18 patients were included in this analysis.
FDG-PET Method
The FDG-PET/CT images were obtained on a Discovery LS integrated PET/CT system (GE Healthcare, Milwaukee, Wis). The patients had fasted for at least 4 hours before fluorodeoxyglucose was administered. Blood glucose levels were checked before the injection, and if these levels were lower than 200 mg/dL, the patients received an in A thyroid "incidentaloma" was defined as focal thyroid uptake identified incidentally on FDG-PET or FDG-PET/CT study performed to evaluate nonthyroidal disease. FDG uptake in the entire thyroid gland was defined as a diffuse pattern, whereas uptake in less than 1 lobe was considered a focal thyroid lesion. All PET images were qualitatively examined by an expert nuclear radiologist. SUV max was calculated according to routine clinical fashion. We performed statistical analysis using a 2-tailed t test, and significance was set at P Ͻ .05.
Results
All of the 18 patients (6 men, 12 women) entered in this study had focal uptake in 1 thyroid lobe (Table) . The mean age of the patients was 42.3 years (age range, 24 -67 years). Patients were evaluated with either sonography-guided fine-needle aspiration (FNA) biopsy followed by thyroidectomy (6 patients [33.3%]), or thyroidectomy (12 patients [66.7%]). The decision to perform an FNA or proceed with a thyroidectomy was determined after a discussion with the patient regarding the options of observation with serial evaluation, FNA, and thyroidectomy. Sonography-guided FNA biopsy revealed atypical cytologic features in 4 (66.7%) of 6 patients. After thyroidectomy, 1 patient with atypical cytologic findings had papillary thyroid carcinoma. Patients who underwent thyroidectomy without FNA biopsy had benign disease in 8 (66.7%) of 12 cases, and papillary thyroid carcinoma occurred in 4 of 12 cases (Fig 1) . Therefore, 5 (27.8%) of 18 patients with incidental FDG-PET uptake in the thyroid gland demonstrated papillary thyroid carcinoma on final pathologic examination. The mean and SD of SUV max was 3.0 Ϯ 1.8 (range, 1.1-7.4) overall, 2.9 Ϯ 1.6 (range, 1.1-6.8) in the patients without malignant tumor, and 3.4 Ϯ 2.6 (range, 1.1-7.4) in the 5 patients with papillary thyroid carcinoma. Although the mean SUV max was slightly higher in the group with papillary thyroid carcinoma vs the patients with benign pathologic findings, there was no statistically significant difference (P ϭ .63).
Discussion
The current widespread usage of whole-body FDG-PET and FDG-PET/CT studies as a screening tool for evaluation of malignant tumors has resulted in an increase in the detection of incidentally found thyroid lesions. 11 In fact, as this technology becomes more available, the incidence of thyroid "incidentalomas" will likely continue to increase. This strengthens the need to identify which of these lesions are at high risk for a malignant process. Because there is a risk for malignant growth associated with these lesions, appropriate management guidelines and protocols need to be designed to adequately treat patients with focal "incidentalomas" to prevent undertreatment or unnecessary thyroidectomy.
In our study, incidental focal thyroid lesions were identified in 30 of 630 patients, corresponding to a prevalence of 4.8%. This finding is comparable with what was previously reported in the literature. [1] [2] [3] [4] [5] [6] [7] Similar to previous reports, 1,2,6,7 we found a high (27.8%) risk for malignant tumors in patients with incidentally identified focal FDG-PET uptake in the thyroid gland.
Although differences in SUV max have been suggested to distinguish benign from malignant disease, many experts do not rely on these values because of significant overlap between benign and malignant lesions. [1] [2] [3] [4] [5] [6] In our patients, the mean SUV max was 2.9 for the benign lesions and 3.4 for the malignant lesions, without a statistical difference between these groups (P Ͼ .05). This finding is similar to that of a previous report by Kim et al. 6 The risk for malignant disease in any thyroid nodule is in the range of 4% to 5%, 12, 13 and nodules found incidentally on carotid Doppler studies, MR imaging studies, and CT scans carry a similar risk for malignant disease.
14 Thus, as in other studies, in our study lesions incidentally found on FDG-PET had at least a 5 times greater risk for malignant tumor than other nodules. Because there is no defined consensus on the management for such "incidentalomas" in the literature, a multidisciplinary treatment algorithm is proposed in our study (Fig 2) . If incidental thyroid uptake is found on FDG-PET, the first diagnostic step should be testing thyroid-stimulating hormone (TSH) levels followed by ultrasonography. The presence of a nodule should lead to a sonography-guided FNA. Malignant cells found on FNA should ultimately lead to a total thyroidectomy, whereas the treatment of "benign" or "atypical" cells leads to a more nebulous course. Although some studies have demonstrated very high accuracy rates of FNA in the diagnosis of thyroid lesions, 15 others have shown substantial false-negative rates. 16, 17 All of the malignant lesions detected in our study were papillary cancer, which generally has a low risk for distant metastasis. However, aggressive tumors do occur, and tumors positive for FDG-PET uptake are often the high-grade type of differentiated thyroid cancer because glucose metabolism is generally increased in poorly differentiated cancer. 18 Given the high risk for malignant disease in FDG-PET-positive thyroid lesions, the possibility of false-negative FNA, and the possibility of a high-grade lesion, we recommend either serial thyroid ultrasound examination with FNA biopsy or surgery for patients with FDG-PET-positive thyroid nodules. If surgery is ultimately decided in cases of "benign" or "atypical" cells on FNA, hemithyroidectomy followed by intraoperative frozen section with completion thyroidectomy in cases of malignant findings should be offered. Previous studies demonstrating the accuracy of FNA would suggest that FNA is an appropriate initial step in all patients presenting with suspicious thyroid nodules; however, given this small sample size, a larger study is necessary to elucidate the role for FNA in this unique patient population presenting with incidental focal thyroid FDG-PET uptake.
Conclusions
We found a 27.8% rate of malignant disease associated with focal incidental thyroid lesions identified on FDG-PET or FDG-PET/CT in patients being worked up for a malignant nodule. There was no correlation between SUV max intensity and the risk for a malignant lesion. We recommend that patients with incidentally detected FDG-PET-positive thyroid nodules be evaluated with TSH and sonography-guided FNA biopsy per usual protocol, but because of the high rate of malignant findings in these lesions, most patients should undergo surgery.
